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PATHOGENESIS AND TREATMENT OF RADICULAR SCIATICA 
by 
Prof. EISHI KONDO, Assistant Prof. KENGO YAMADA 
From the Orthopedic Division, Kyoto University Medical School 
and Prof. TETSUO ITO 
From the Orthopedic Division, Yamaguchi medical Colege. 
Since 1941, we have carried out systematic investigation upon the causes of 
intractable low back and sciatic pain and come to attach the main importance to 
the impinging factors on the nerve roots composing sciatic nerve. 
Recently such great advances have been made especially in the development of 
operative treatment to remove the impinging factors on the nerve roots by means 
of laminectomy, that it is now time to evaluate these end-results. 
The purpose of this paper is : 
1) to crystallize the results of our experience with cases of sciatica, 
2) to discuss these clinical and pathological findings in comparison with patho-
logical findings in experimental disc lesions upon animals, 
3) to examine statistically the end-results obtained by various forms of our 
operative treatment, and 
4) to make some contributions to the determinations of indication for operative 
treatment by analysing the factors, which exert in宜uencesupon the results of our 
treatment. 
The records of patients operated upon for radicular sciatic pain include 620 
cases. In this series, intervertebxal disc protrusions far outnumbered al other causes 
of sciatic pain; next came thickenings of the ligamentum flavum, then meningitis 
spinalis adhesiva and disc lesions without protrusion, and, in rare cases, spondylolysis 
and spondylolisthesis were causative factors (Table 1). 
Table I. 
Cases Per cent 
Intervertebral disc protrusion 406 65.5 
Thickenings of ligamentum flavum 68 10.9 
Meningitis adhesiva 59 9.5 
Disc lesion without protrusion 20 3.4 
Spondylolysis 13 2.2 
Spondylolisthesis 12 1.7 
Others‘ 42 6.8 
・ ー ......・－－－ . . . . 晶色. ・． 4・v v ’v • 
Total 620 100.0 
Moreover, these a妊ectionsare connected closely with each other in their clinical 
pictures as well as in the experimental evidences seen in the following chapters. 
Therefore, we have come to the opinion that they may belong to the same series 
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of a妊ectionscentering around the disc lesions. And so here will be discussed 
mainly the intervertebral disc protrusions with special reference to their post-operative 
叩sults,indications for operation and forms of treatment. 
I. PATHOLOGY OF RADICULAR SCIATICA 
For investigation of the causes of radicular sciatica, it is essential in the五rst
place to clarify the statico-dynamic relations of the functional structures of the normal 、
lumbar spine and to examine the pathologic states caused by rupture of their normal 
relations above mentioned, which exerts・ influences upon nervous elements in the 
spinal. canal. In this paper the pathological五ndingsin the human disc lesions have 
been discussed in comparison with the五ndingsin the experimental disc lesions upon 
animals, which were caused by incision in the ventral part of the intervertebral disc. 
§ 1. Statico・dynamicrelations of the functional structures of the normal huma11 
lumbar spine and pathological changes in the spine caused by those disorders 
The range and modus of movements of the normal human articulations were 
radiographically examined. The lower lumbar articulations, where disc lesions most 
commonly occur, have greater mobility than upper lumbar articulations. 
The modus of its movements is cha- Fig・. 1 
racteristic as demonstrated in Fig. 1. 
On :flexion, the anterior part of the su-
perior vertebral body falls downward, 
its posterior part rises upward and at 
the same time it slips on the whole 
slightly forward. On extension, the 
reverse movenent occurs. Therefore, the 
superior vertebra performs simultaneous-
ly seesaw and piston movements on Flexion Extension 
flexion and extension, and the axis of those movements normally passes through a 
point slightly posterior to the discとenter,at which point the nucleus pulposus is 
situated. 
These studies reveal that intervertebral discs play a leading part in these move-
ments, and the vertebral body performs movements correlate.d with the posterior 
part of the vertebra, including the spinal canal. 
In our clinical cases of intervertebral disc lesions, especially・ in the disc protru-
s10ns, limited mobilities of the lumbar spine were commonly observed, and thicken-
ing of the related interlaminal ligaments (lig.珂avum)were found iri勾proximately
50 per cent of the cases, who had undergone laminectomy. And in these thickened 
interlaminal ligaments, pathological changes, such as rupture of the ela~tic 五bres,
blood vessel invasion and proliferation, hyaline -degeneration and叫 cificationof th~ 
connective tissues, were found in various degrees. 
Also in our animal experiment, changes in the interlaminal ligaments analogous 
to those found in human beings were demonstrated after an adequate period of 
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Fig. 2 
Weigert’s staining Hematoxylin-eosin staining 
Rupture of the elastic fibers and calcificat10n in lig. flavun of a rabit with experimental 
disc lesions (10 months after incision in the ventral part of the intervertebral disc). 
observation (ca. 10 months) (Fig. 2). 
When an incision was made in the ventral part of the intervertebral discs of 
rabbits, and in animals forced to stay on their hind limbs, the changes developed 
much earlier and血oremarkedly than in these who were permitted to remain on 
four limbs. 
Further, morphological examination of the specimens of human lumbar laminae, 
・which were removed by means of our osteoplastic bilateral laminectomy with facetec-
tomy for intervertebral disc protrusion, showed asymmetry ・of the posterior part of 
the vertebra in 80 per cent of the cases. This asymmetry tended to be greater in 
degree in the chronically developed cases, and was frequently accompanied by 
deformative changes in the articular facets. 
These facts above mentioned suggest that disc lesions could cause incongruent 
movements of the spine, followed by degenerative changes in the interlaminal 
ligaments and the articular facets. 
§ 2. Pathological changes in the spinal canal caused by disc lesions 
It is not di伍cultto presume, that functional disorders of the spine due to disc 
lesions might affect some of the nervous elements included in the spinal canal. 
a) Anatomical characteristics of the lumbar spinal canal. 
Most of the anatomy of the spinal canal will not be described here. The follow-
ing two points especially noteworthy that Nn. sinovertebrales (Lushka), which 
contain mostly a妊erentnerve fibers, are widely distributed in the spinal canal to 
the ligaments, articular capsules and dura, and that the blood and lymph vessels, 
which run along the nerve root through the intervertebral foramina, play a leading 
part in the circulation of fluid in the intra-and extra-dural spaces. 
298 日本外科宝極I第23巻第4号
b) Experimental and clinical study of disc lesions. 
In rabbits, operative incision in the ventral part of the intervertebral disc caused 
not only disc, protrusion through the incised part of the annulus fibrosus, but also, 
in spite of no injury to the dorsal part of the annulus fibrosus, more or les inflam-
matory changes in the extradural tissues, such as Fig-. 3 
wide spread edema, blood vessel engorgement, fibrin 
exudation and cellular infiltration (Fig. 3). These 
inflammatory changes developed more markedly in 
the rabbits forced to stay on th巴irhind limbs than 
those kept on four limbs, and in case of retrotrusion 
of the disc they developed more markedly. The 
same experimental procedures performed in dogs 
showed, in addition, congestion of veins in the spinal 
canal or disturbance of out flow of the cerebrospinal 
fluid through the intercellular spaces in the dural 
sheath near the involved nerve root. 
Review of our operative自ndingsin the human 
disc・ lesions revealed that they were frequently asso・
ciated with congestion in the extraclural space, 
edema of the nerve root or the dura, and strong Inflammatory changes caused 
adhesions around the nerve root. Also similar by experimental disc lesions. 
findings could be demonstrated histologically in the adipose tissue in the spinal canal, 
where chronic inflammatory changes existed, such as edema, round cel in日tration,
marked thickenings of the wall of the blood vessels and scar formation. 
In the disc lesions with or without protrusion, extradural myelography demonst-
rated clear filling defec.ts considered to be due to these extradural pathological 
changes. These experimental and clinical facts reveal that disc lesions, whether 
they are associated with protrusion or not, can cause extradural inflammatory changes 
and congestion, followed by adhesions between the nerve roots and the dura or the 
disc. 
It is well known that there is a structural weak point in the posterior part of 
the disc. This can also be proved by our experimental injurie~ to the spine per・ 
formed on fresh cadavers, which proved that the posterior part of the annulus五brosus
was easily ruptured by a twisting force. 
Moreover statistical investigations upon our cases with intervertebral disc protru-
sions revealed, that most of the cases had a de五nitehistory of acute injury follow-
ing a twisting strain while lifting a heavy object, and a high percentage occurred at 
an age, when physiological disc degeneration had already advanced to some extent. 
Moreover, our histological examination of the specimens removed operatively from 
the protruded discs al ways showed some degenerative changes. 
These facts above mentioned seemed to suggest close association of mechanical・ 
factors as a cause of intervertebral disc protrusion. 
Also cinematographic analysis of the postures of skilled labourers at work revealed 
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that, while dealing with heavy weight, they五xedtheir lumbar spines as straight as 
possible, avoiding excessive lumbar bending, and this limited motion of lumbar 
spines was compensated by coordinated丑exionof the lower limbs at knee and hip 
joints. These postures serve the purpose of protecting the intervertebral discs from 
injuries. Any-way, in the intervertebral protrusions, it is probable that lesions of 
the nervous elements in the spinal canal are caused the more intensely by mechani-
cal compression on the nerve root due to the related intervertebral disc protrusion, 
which is followed by the extradural changes mentioned above. And it is not di伍cult
to consider, that the lesions to the nerve roots, cauda equina, and Nn. sinovertebrales 
might produce various kinds of referred pain or reflexes, according to their anato-
mical distribution. Therefore, the neurological aspect of disc lesions may be confused 
by referred reflexes. This can also be proved by our clinical experiences of inter-
vertebral disc lesions, especially of the intervertebral disc protrusions. 
For these reasons, myelography may be required to determine the precis locali-
zation of the disc lesions. In our clinic, myelographic accuracy was found in 98.1 
% for the cases with intervertebral disc protrusions, and also for disc lesions without 
protrusion extradural myelography gave good results, where routine myelography 
failed. So we cannot agree with the opinion, that routine neurologic diagnosis 
without myelography is su伍cientfor the determination of the location of the lesions. 
As we have mentioned above, a妊etionsof nerve roots may be caused by inter-
vert巴braldisc lesions, especially by the intervertebral disc . protrusions. Our histolo-
Fig. 4 
gical examination of the nerve roots 
demonstrated radiculitis and ganglionitis 
as illustrated in Fig. 4 and Fig. 5. The 
former is a specimen obtained at autopsy 
from a case with the intervertebral disc 
lesion shown in Fig. 6, the latter is that 
from a rabbit with experimental inter-
vertebral disc lesions. 
It is thought that this radiculitis 
and ganglionitis may produce the typical 
clinical features of disc lesions, which 
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are also associated with the symptoms and signs produced by lesions of Nn. 
sinovertebrales. 
I. THERAPY 
§ 1. Summary of end-results 
All records of patients operated upon for radicular sciatica were reviewed. This 
group included 620 patients, to whom letters as in Table II were sent, asking them 
to report the results of treatment. 410 patients ( 66.7%) have answered and 103 of 
them have been examined by ourselves. 
The results were considered on the basis of two points: capacity for work and 
freedom from pain. The criteria for the evaluation of the results are as follows: 
1) Cured : Freedom from low back and sciatic pain and no restriction of 
activities since original operation. 
2) Improved : Moderate reduction in severity of pain, though incomplete m 
capacity for work after the operation. 
3) Unimproved: Presence or augmentation of pre-operative complaints. 




We are checking tlp on the results obtained in the operative treatment of 
low back and sciatic pain, and should appreciate having your answers to the 
following questions : 
1) Do you have any pain? If there is any pain after operヰtion, 
is it improved? ・・・…， unimproved? …・・， increased? ・・－ ． 
2) How soon after operation did your pain disappear? 
3) How soon after operation did you return to work? 
4) What is your present occupation? If it is the same as before, is your 
capacity for work full? ・・・－…，reduced? ・
5) Have you been forced to change your work or not able to work bト
cause of pain ? 
Table. III. 
Results obtained 
cured improved unimproved died sum 
Intervertebral disc protrusion 218(78.0%) 41(14.6%) 16( 5.6%) 5( 1.8%) 280 
Disclesionwithoutprotrusion 14(70.6%) 5(25.0%) 1( 5.0%) O 20 
Thickening of lig. flav. 13(36.2%) 15(41.7%) 3( 8.3%) 5(13.8%) 36 
Meningitis adhesiva 15(42.9%) 11(31.5%) 8(22.8%) 1( 2.8%) 35 
Spondylolysis 2(40.0%) 2(40.0%) 1(20.0%) O 5 
Spondylolisthesis 1(20.0%) 1(20.0%) O 3(60.0%) 5 
Others 15(51.7%) 6(20.7%) 4(13.8%) 4(13.8%) 29 
Total 278(67.9%) 81¥19.7%) 33¥8.0ヲ－｛；） 18(4.4%) 410(100.0J仇
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Describe in detail as much as possible what your activities are. 
The results of laminectomy performed for radicular sciatica are shown in Table II. 
Most of the deaths in tpis series were attributed to wound infection in War 
time, when there was no adequate chemotherapy. Since 1947 there have been no 
death. The incidence of favorable results was 87.6% (sum of 67.9% cured arid 
19.7% improved). 
The results were most excellent in disc protrusion and disc lesion without prot-
rusion, and not so satisfactory in meningitis spinalis adhesiva and thickenings of 
ligamenta £lava. These latter two diseases as mentioned in the preceeding chapter, 
can be caused by disc lesions. Therefore, it is difficult to presume that they are 
independent of each other and th~ir unfavorable results can be supposedly attributed 
to concealed disc lesions. For example, in a cace which had been operated upon 
for thickening of the ligamenturn flavum, a large protrusion developed several months 
after the operation. This fact will also suggest the truth of the reason mentioned 
above. Therefore, the authors will discuss mainly the results of intervertebral disc 
lesions, especially of the protruded disc in the following. 
§ 2. End-results of trea位nentin disc protr田ion
The athors examined the results of 280 out of 406 cases ( 69.0%) with disc 
protrusion. Results in general are shown in Table III. These results obtained are 
not obviously inferior to those by other authorities in the world. 
In operating, there are two objectives, the first is to relieve sciatic pain, the 
second to prevent post-operative back pain as much as possible. To attain. these 
two objectives, various operative techniques were tried successively. The results 





Osteoplastic bilateral laminectomy 
Osteoplastic hemilaminectomy 
Larninectomy combined with fusion 
r cured improved unimproved died sum 
151（加%) 9(13,8%) 2(3.1%）山%）・ 65 
38(74.5%) 8(15.7%) 4(7.8%) 1(2.0%) 51 
18(60.0%) 10(33.3%) 2(6.7%) 0 30 
72( 83.3%) 6( 7.0%) 8(9.3%) 0 86 
23(88.5%) 3(11.5%) 0 0 26 
16(76.2%) 5(23.8%) 0 0 21 
Partial _laminectomy is inferior to bilateral laminectomy and osteoplastic faceto-
larnip,ectorny (KONDO). For this reason, it is certain that operative techniques which 
allow wide exposure of nerve roots and adjacent di民 aresuperior ~o techniques 
which allow narrow exposure. The results of operation combined with bone fusion 
do not necessarily show special superiority, but it is evident that osteoplastic hemi-
larninectomy is superior to simple hernilaminectomy. 
These facts must be discussed in relation to the problem of low back symptoms. 
Complaints of the low back symptoms are varied as shown in Table V. and 
occur in a high percentage of cases whichever technique is used (Table VI). 
But on this subject, it seems that partial laminectorny and combined excision-
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Table V. 
Lumbar symptoms after operation 
I. Inability to keep half-bending posture longer than half an hour. 
2. Inability to keep the same posture over one hour. 
3. Duilness and fatigue in the lumbar region after a few kilometer's walk. 
4. Fatigue in the lumbar region soon after work. 
5. Inability to lift up a heavy load. 
6. Sensitiveness in the lumbar region to vibration when riding in a vehicle. 
7. Di伍cultyin lying prone. 
8. Sensitiveness to cold. 
9. Difficulty in running fast or jumping high.・






Osteoplastic bilateral laminectomy 
Osteoplastic hemilaminectomy 
Laminectomy combined fusion 
Complications of post operative low 
back symptoms 
No. of cases Per cent 
36 of 62 58.0% 
30 of 50 60.0% 
13 of 30 43.3% 
43 of 86 50.0拓
18 of 26 69.3% 
9 of 21 42.9拓
Total / 149 of 279 53.5形
fusion are definitely superior to the other techniques. However, the present operative 
techniques, whichever are used, are much les satisfactory for complete relief of post-
operative back symptoms, so there may be rather a greater variety of etiological 
possibilities to consider, than the extent of invasion against the bony structure of 
the spine. It is probable that not only damages to the archtecture of the spine, such 
as increase in narrowing of the disc after removal of the protrusion, but also damage 
to the soft tissue are important etiological factors. Therefore, it is extremely difficult 
to prevent completely the post operative low back pain. Our clinical examination 
revealed that relief of root symptoms had a more intimate relationship with the 
results obtained than that of back symptoms. From thi~ point of view, the 
authors believe that the prime aim of operative treatment of this disease should be 
the complete relief of root symptoms. 
§ 3. Operative indications for disc protrusion 
In our studies, the sex, age, occupation of the patient, the clinical course of 
disease and pathol?gical changes, such as site of lesions~ thid王er gs of ligamen r n
flavum and adhesion around the nerve root, did not affect the end-results of opera” 
tion. In the severe cases with large protrusion, which was found as a definite 
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defect in myelography, causing severe radiating pain, local tenderness to pressure 
and tension signs, operation gave more excellent results than in the mild cases. 
As the clincal manifestations of disturbances are essentially subjective, the assess-
ment of the results of treatment presents difficulties. Even the capacity for work 
can not be independent of the emotional accompaniment of pain. The results of 
operation must be considered against a back ground of the intensity of pre-operative 
symptoms and signs. If the mild case has been accepted as an indication for 
surgery, it is clear that even mild post operative complaints obscure the improve-
ment in the subjective symptoms, denoting partial or complete failure in operation, 
and disturb the capacity for work. 
In the patients who have already a neurotic back ground or who are bent on 
the secondary gain from disability insurance, operation should be avoided. Opera-
tion should be restricted to the patients with large protrusion and severe or prolonged 
neurological symptoms and signs. 
And・ we are of the opinion that the real aim of operation for disc lesion, as 
Greenwood asserted, is restoration of the affected nerve root to its original state. 
From the congested epidural venous plexus which is very often found in the 
disc lesions as mentioned in the preceeding chapter, profuse bleeding in operation 
occasionally results in fal of blood pressure, so operation should be avoided in cases 
with cardiovascular or organic visceral complications. 
§ 4. Treatment of disc protrusion 
In the early stage of disease or in acute attacks of sciatic pain, local rest and 
antiphlogistic measures for a certain length of time are valuable, because of the 
severe inflammatory changes in the extradural tissue. 
However, when the conservative measures fail to give satisfactory relief, surgery 
should be undertaken on the principles of operative indication as mentioned above. 
Our experimental disc lesion in rabbits proved that only the superficial part of 
the incised annulus fibrosus healed, and the union of the deep layers completely 
failed for a long period. These findings suggest that complete healing of disc 
protrusion by means of conservative treatment hardly occurs with the exception of 
the mild case. 
Operation consist primarily in removal of the protruded disc and division of 
adhesions around the nerve root. Thus, the individual nerve五bera旺ectedby a 
disc lesion may recover to a certain extent the ability to respond the stimuli. 
In rabbits, degeneration of the peripheral nerve五berscaused by insertion of a 
piece of Laminaria under the nerve root recovered after its removal. And it was also 
clinically proved by recovery of normal sensation and tendon reflex after removal 
of the protruded disc. As the best operative technique, we use osteoplastic hemi-
laminectomy (Kondo), which allows wide exposure of a nerve root and adjacent 
disc. The additional fusion operation should be performed in cases with chronic 
back symptoms after excision. 
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For a certain period after operation, the low back structure should be protected 
from strain and irritation by a plaster cast or ・brace. 
SUMMARY AND CONCLUSION 
I) Disc lesions cause abnormal movements of the spine, followed by degenerative 
changes in the ligamintum fl.avum and posterior articulations. 
2) Disc lesions with or without protrusion result in extradural inflammatory 
changes and congestion, followed by strong adhesions around the nerve root. 
3) In addition, nerve root compression by the protruded disc and thickened liga-
mentum fl.avum may act in combination in producing severe lesions of the iritra-
spinal nervous elements. 
4) The results of operative treatment in radicular sciatica are most excellent in 
disc lesions with or without protrusion. 
5) Operation should be restricted to severe cases and avoided in mild cases with 
neurotic backgrounds. 
6) Operation for disc protrusion consist in removal of the protruded disc and 
division of adhesions around the nerve root. As the best operative technique to 
attain these two objects, we use osteoplastic himilaminectomy. 
The authors hav・e discussed pathogenesis and treatment of radicular sciatica 
caused by di円clesions. There were many problems to be investigated in the treat-
ment of disc protrusion. And more di伍cultieswere presented in the treatment of 
complicated pathological conditions caused by other disc lesions. Moreover, the 
authors discovered four cases of severe radicular sciatica caused by extradural 
allergic inflammation, which showed 
such chang巴sin the extradural adipose 
tissue, as thrombosis formation, f,brinoid 
swelling of今connectivetisue fibers, th'.c-
kening of the wall of the blood vessels 
and edema as shown in Fig. 7. These 
changes, which offer problems to solve 
in the future, must have an intimate 
relationship with myofascial pa;n in the 
low back. 
Our investigation in the low back 
will be confidently carried out to solve 
many problems which ar:se one after 
another.. 
Thrombosis formation, fibnnoid swelling of con-
nective tisue fibers, thichenings of the wal of the 
blood vesels and edema in the extradural adipose 
tisue. 
We should like to record our deep indebtedness to all those who hq,ve help2d us ・伺
this work, particular~ to Professor Kihara Department of Anatom)', Professor B仰 q,
Department of Architecture, Assis ant Professor Ama削 DepJ,rtmentof Pathology, 
a d orthopedic colleagues 問 theKyo~o University. 
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